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Introduction
Until recently, reductions in the population size and geographical distribution of game species in Europe were simply counterbalanced by uncontrolled reintroductions by local authorities. Several species of mammals and birds were restocked using animals bred in captivity or collected from distant regions (Caughley & Gunn 1996; Rhymer & Simberloff 1996) , with no particular attention paid to the possible consequences for the autochthonous groups (hybridization or even extinction) and the ecological structure in general. The reintroduction of wild boar into Italy is a typical case in point.
Widespread in most of the Italian peninsula in historical times, wild boar populations underwent extreme reduction during the 18th and 19th centuries, due mainly to human persecution (Apollonio et al . 1988; Massei & Genov 2000) . At the beginning of the 20th century, the geographical distribution of this species was restricted to Sardinia and some central-southern regions (Ghigi 1911 ). In the 1920s, wild boar from France began to naturally re-colonize northwestern Italy, and three subspecies were recognized at that time (De Beaux & Festa 1927) : Sus scrofa meridionalis in Sardinia (the Sardinian wild boar), S. s. majori in centralsouthern Italy (the Maremma wild boar) and S. s. scrofa in most of Europe including northern Italy (the European wild boar). More recently, the Maremma and European wild boar have been considered ecotypes rather than subspecies, because of their low level of mitochondrial DNA (mtDNA) divergence (Randi 1995) .
After World War II, a considerable expansion occurred in this species. Changes in agricultural practices, placement of artificial feeding sites, a decrease in predator numbers and global warming appear to have favoured the increase in wild boar populations (Massei & Toso 1993; Massei & Genov 2000) , but extensive reintroduction of animals has probably played a critical role. Primarily for hunting, large numbers of wild boar from central Europe (Hungary, Poland and the former Czechoslovakia), and individuals hybridized in captivity with domestic pigs, were released to restock local populations (Apollonio et al . 1988) . These translocations and the related demographic expansion have produced two main problems that urgently need to be addressed.
The first is related to the cohabitation and possible hybridization between individuals with different geographical origins, or between wild and domesticated forms. In general, the genetic integrity, and therefore, the very existence of the native groups is threatened by hybridization (Rhymer & Simberloff 1996) . In this case, an additional risk is due to the fact that the endemic Maremma wild boar is smaller and less prolific than the European wild boar reintroduced into its range (Massei & Toso 1993) . Phenotypic hybrids between native and introduced forms have been reported in many regions (Massei & Toso 1993; Pedrotti et al . 2001) , and only two populations located in protected areas, the Maremma Regional Park in Tuscany and the Castelporziano Reserve near Rome, are regarded as being 'pure' Maremma wild boar (Apollonio et al . 1988) .
The second problem associated with the reintroduction of wild boar in Italy is that the density of this species has reached such high levels that frequent agricultural damage is reported (e.g. Macchi et al . 1995) and disturbance to native fauna (especially deer and, through egg predation, birds) and flora is inevitable (Henry & Conley 1972; Singer et al . 1984) .
Therefore, specific conservation and management programmes are needed to reduce hybridization and possible extinction of local populations and to minimize damage to crops and natural ecosystems. As commonly recognized for different species (e.g. Polziehn et al . 2000; Maudet et al . 2002) , genetic information regarding the populations and the individuals involved in the reintroduction is of primary importance for developing and implementing such programmes.
Here, we present results of a study on the genetic variation and divergence of different groups of individuals from populations not affected by reintroduction plans. We also consider the process of hybridization by studying the genetic composition of individuals hunted in the wild. This analysis, based on nine highly variable nuclear microsatellite markers, is the first attempt to quantify the genetic impact of the demographic decline and translocation events in this species.
Materials and Methods

Samples
Hair, skeletal muscle or auricle samples were collected from 105 hunted or trapped wild boar in Italy and Hungary. Italian samples representative of the native population of the Maremma wild boar were collected in two protected areas where reintroduction can be reasonably excluded (Apolloni et al . 1988) , the Maremma Regional Park (MRP, n = 11) and the Castelporziano Presidential Reserve (CPR, n = 26). Hungarian samples of the European wild boar were chosen because they are closely related to individuals reintroduced to central Italy in the past. These samples were collected in three different Hungarian regions (Budapest, Gemenc and Kab-Hegy), but we pooled them in a single group (HUN, n = 29) as they did not show any significant genetic structure (data not shown). Finally, a sample of 39 individuals hunted in the wild, mostly in the Florence area of Tuscany (FLO, n = 39) were analysed as representative of the present-day wild boar population of central Italy. Sample locations are reported in Fig. 1 .
DNA extraction, amplification and typing
DNA was extracted from samples using a proteinase K digestion procedure followed by standard phenol/ chloroform extraction (Sambrook et al . 1989 ) and concentration using Microcon-30 microconcentrators (Amicon). Nine polymorphic dinucleotide microsatellites were selected from a panel designed for the domestic pig (Alexander et al . 1996) to allow multiplex loading, and the annealing temperatures of the primers were adapted for this species (see Table 1 ). Amplification reactions were performed in a total volume of 20 µ L, with 0.5 µ m of each primer (labelled with HET, TET and FAM fluorescent dyes), 0.2 m m dNTP, 1 × Taq buffer (Tris-HCl, pH 8.8; 166 m m (NH 4 ) 2 SO 4 ; Tween 20® 0.1%), 1 U of Taq DNA polymerase (Polymed) 1.5 m m MgCl 2 and 2 µ L template DNA. The thermocycling regime consisted of 94 ° C for 5 min, followed by 30 -35 cycles of 94 ° C for 30 s, T a for 30 s, and 72 ° C for 30 s, with a final extension of 72 ° C for 7 min. Electrophoresis and analysis was performed using an ABI 377 automatic DNA sequencer and the genescan Version 2.0.2. software (Perkin-Elmer). Sizing of polymerase chain reaction (PCR) products was determined using an internal size standard.
Data analysis
Simple statistics were computed to estimate genetic variability within each of the four populations considered (MRP, CPR, HUN and FLO) . The computation of the allelic richness, which corrects the observed number of alleles for the different sample sizes, was based on the rarefaction method, as described in Comps et al . (2001) . Deviation from Hardy-Weinberg equilibrium (HWE) was tested separately for each locus and each population using an analogue of the Fisher's exact test which was implemented using a Markov chain (Guo & Thompson 1992) .
Two different methods were used to detect population bottlenecks. One (Cornuet & Luikart 1996) is based on the fact that the number of alleles is reduced faster than the expected heterozygosity ( H E ) after a bottleneck (Maruyama & Fuerst 1985) . In this situation, H E (i.e. the gene diversity sensu Nei 1987) should be higher than the equilibrium heterozygosity ( H EQ ) predicted in a stable population from the observed number of alleles. As suggested by the authors, for the samples where fewer than 20 loci are typed, the results obtained separately for each locus were combined using the Wilcoxon test (Cornuet & Luikard 1996; Piry et al . 1999) . The second method (Garza & Williamson 2001 ) is based on the ratio M of the number of alleles to the range in allele size. The average of this value across loci can be used to detect bottlenecks when microsatellite data are available, because a reduction of the population size is expected to reduce the number of alleles faster than the range in allele size. Both methods test the statistical significance of the results only after specifying the parameters of the mutation model. Again, following the authors' suggestions (Piry et al . 1999; Garza & Williamson 2001) , we assumed 90 or 95% of single-step mutations (mutations that increase or decrease the size of the allele by one repeat) and 10 or 5% of multiple-step mutations (mutations that increase or decrease the size of the allele by more than one repeat) with an exponential distribution of step numbers having an average of 3.5 steps. Unfortunately, testing the statistical significance of the average M also implies specification of the unknown parameter θ = 4 N µ of the population simulated to compute the critical value of M under the null hypothesis of no bottleneck ( N and µ are the effective population size and the mutation rate, respectively). We tested two values of θ reasonable for microsatellites markers, i.e. θ = 5 and θ = 10 (Bertorelle & Excoffier 1998; Garza & Williamson 2001) . Genetic divergence between populations was analysed using the classical F ST approach (Wright 1965; Weir & Cockerham 1984) and its analogue for microsatellites R ST (Slatkin 1995) . Whereas F ST takes into account only the differences in allele frequencies observed in different populations, R ST also includes the molecular information associated with different allele sizes.
Factorial correspondence analysis, FCA, was then applied to graphically represent the genetic distances between individual multilocus genotypes. This multivariate analysis is based on a χ 2 value computed by comparing the observed distribution of alleles in the genotypes with that expected if alleles were randomly assigned to individuals. New variables (factors) which explain decreasing values of the computed χ 2 are then elaborated and assigned to genotypes, and usually only the first two variables are plotted. This and other multivariate techniques such as principal component analysis (PCA) or multidimensional scaling (MDS) are commonly used for the same purposes (see, e.g. Kadwell et al . 2001; Randi et al . 2001 ) with similar results.
The hybridization process was quantitatively analysed following two different approaches. Assuming, a priori , that the FLO population is a hybrid among CPR, MRP and HUN, we first estimated the relative proportions of the parental groups in the hybrid. This estimation, based on the method developed by Bertorelle & Excoffier (1998) and extended by Dupanloup & Bertorelle (2001) , can also incorporate the information related to different allele sizes assuming the single step mutation process. Second, we applied the Bayesian clustering method proposed by Pritchard et al . (2000) to identify the population structure most compatible with the data, and to estimate the relative contribution of each inferred population into the genotypes of each individual and into the original groups. This method is implemented by a Markov chain Monte Carlo algorithm that allows the estimation of the posterior distribution of the allele frequencies in the inferred populations. It does not assume any prior knowledge of the population structure and, under the assumption that individuals' genotypes come from unknown groups (the inferred populations) at HWE with all loci in linkage equilibrium, it reconstructs the number and the genetic composition of these groups. The genetic contribution of each inferred group to the predefined populations (CPR, MRP, HUN and FLO in our case) and also to the single individuals can be estimated. The Pritchard et al. (2000) approach is a powerful tool for analysing admixture when populations not included in the samples might have contributed to the genetic composition of the admixed individuals. The results presented here are based on a Markov chain with 10 6 iterations, following a burn-in period of 40 000 iterations.
Finally, we introduce an index of true hybridization (the true hybridization index; THI). When the genetic composition of a population can be assigned in different proportions to different parental (or inferred) groups, two possible situations can be envisaged: most individuals are hybrids or most individuals are similar to either of the parental groups. The first situation is a true hybridization, and the individuals in the hybrid swarm are hybrids by varying number of generations of backcrossing with parental types or mating among hybrids (Allendorf et al. 2001) . Conversely, the second situation is typical of cryptic population structure, in which hybridization is very recent, it does not produce fertile individuals, or it does not occur. THI (see Appendix) ranges from 0 to 1, with larger values indicating a true hybridization process in the population.
The computer software we used to analyse the genetic data were microsat Version 1.5d (E. Minch, Stanford University, 1999), arlequin 2001 (Schneider et al. 2000) , genetix Version 4.02 (K. Belkhir, University of Montpellier, 2001), bottleneck Version 1.2.02 (Cornuet & Luikard 1996) , critical_m (C. Garza, http://www.pfeg.noaa.gov/ tib/carlos.htm), admix Version 2.0 (I. Dupanloup, http:// www.unife.it/genetica/Isabelle/admix2_0.html), and structure ( J. Pritchard, http://pritch.bsd.uchicago.edu/).
Results
A total of 109 different alleles were identified for the 9 microsatellites analysed. With the exception of SW2532 in the Maremma Regional Park (MRP), all loci are polymorphic, and in most cases highly so, in each of the four samples (see Table 1 ). Variation, measured using the heterozygosity, the allelic richness and the variance of the repeat size, appears slightly higher in the HUN and FLO samples compared with the samples from the restricted areas of CPR and MRP. Deviation from Hardy-Weinberg expectation was systematically detected only in the FLO sample, with 7 of 9 loci showing a significant deficit of heterozygotes. The HUN sample did not show any evidence of heterozygote deficit, again ruling out internal population structure for this population obtained by pooling the samples from three localities.
Two different tests failed to identify the genetic signature of a demographic decline in all the four groups of individuals ( Table 2 ). The relative excess of H E predicted in bottlenecked populations (Cornuet & Luikard 1996) was not observed either in the single locus analysis or in the Wilcoxon test that combines the results for the different loci. By contrast, a general deficiency of heterozygosity was noted for most loci in all populations. Similar results are provided by the index M. With the exception of only the HUN sample when 5% of multiple-step mutations are assumed, the average M-values fell always in the 95% acceptance region of M obtained simulating a stable populations with θ = 5 or θ = 10, and 5 or 10% of multiple step mutations.
The overall genetic divergence among the four populations was significant. About 10% of the genetic variance can be attributed to population differences, with F ST and R ST values of 0.08 (P < 0.05) and 0.12 (P < 0.05), respectively. Pairwise comparisons (Table 3) suggest that the genetic divergence between the three populations that were probably unaffected by reintroduction events (MRP, CPR and HUN) is similar, even if two of them are very close geographically. The high R ST value obtained in the comparison between the MRP and CPR samples is due to the high single-locus R ST values observed at three markers (SW841, SW1514 and SW2532), and it is probably related to Nei 1987) ; H EQ = heterozyosity expected in a stationary population with the observed number of alleles and assuming the mutation model described in the text with either 10 or 5% of multiple-step (m-s) mutations. Significant difference (P < 0.05) between H E and H EQ are indicated by an asterisk. Bottlenecked populations are expected to show a heterozygosity excess, i.e. (H E -H EQ ) > 0 (Cornuet & Luikart 1996) . ‡The index M computed for each locus and averaged across all loci (last line). Small M-values indicate that some intermediate allelic states are unoccupied, possibly as a consequence of population bottlenecks (Garza & Williamson 2001 ); average M is significantly different from the value expected in a stable population (P < 0.05) only for the HUN sample and only when 5% of multiple-step mutations were assumed. §+ and -indicate that the one tail probability of a heterozygosity excess tested across loci with the Wilcoxon technique (Piry et al. 1999 ) is significant (P < 0.05) or not, respectively; the results obtained for the test for a heterozygosity deficiency are in parenthesis. (Fig. 2) . Individuals from MRP, CPR and HUN cluster in three different clouds, with FLO individuals falling within one of these clouds (suggesting a major contribution of one parental group) or between them (suggesting a composite genetic pool). Figure 2 also shows a neighbour-joining tree (Saitou & Nei 1987 ) based on pairwise F ST distances: the position of FLO and its short branch are again consistent with the hybrid composition of this group.
If we assume that the FLO group is a genetic admixture of three parental populations, and that our samples MRP, CPR and HUN are representative of these populations, we can estimate the relative contribution of each parental group to the FLO sample. The results we obtain when the molecular information is ignored (mY f in Table 4 ) suggest a similar fraction of the Hungarian and the Italian genetic pool, and a prevalence of the CPR population in the Italian contribution. However, when allele size is considered in the estimates (mY m in Table 4 ), the contributions of CPR and HUN are smaller than 0 and larger than 1, respectively. These inconsistent values of the molecular estimator mY m are not uncommon when the simple model of admixture is violated (Bertorelle & Excoffier 1998) , and should be interpreted with caution.
Quantitative analysis of the hybridization process provides different results when the data are analysed following the Pritchard et al. (2000) approach. The 105 individuals are compatible with K = 4 groups at HWE and linkage equilibrium (the inferred groups here called IG1, IG2, IG3 and IG4). The likelihood of K = 4 is in fact 1.32 × 10 9 times larger than the likelihood of K = 5, and much larger than the likelihood of any other value of K between 1 and 6. In other words, if we assume a uniform prior on K between 1 and 6, the posterior probability of K = 4 is virtually 1 (and 0 for any other value of K). But what do these four inferred groups correspond to? The genetic contributions (y-axes) of each inferred group (IG along the x-axes) into the individual genotypes is depicted in the insets of Fig. 1 . Each (Table 5) confirm that three predefined groups (CPR, MRP and HUN) correspond mainly to three distinct clusters, whereas the FLO genetic pool can be attributed to the four inferred groups in the following proportions: 0.29 (IG1 ≈ CPR); 0.13 (IG2 ≈ MRP); 0.13 (IG3 ≈ HUN) ; 0.45 (IG4). Interestingly, the proportions estimated using the classical mY f method (see Table 4 ) for the Italian populations (0.30 for CPR and 0.18 for MRP) are very similar to the estimated IG1 ≈ CPR and IG2 ≈ MRP contributions, whereas the Hungarian coefficient estimated by that method corresponds to the sum of the IG3 ≈ HUN and IG4 proportions. The hybrid nature of most individuals in the FLO sample appears in Fig. 2 , but is also supported by the high value of THI that we introduced in this study. In fact, THI reaches 0.69 in this sample; that is, more than two-thirds of the maximum value that would be obtained if all individuals were hybrids with relative contributions equal to that estimated for the whole sample. This value of THI is almost three times larger than the value (0.26) we would observe, for example, in the hypothetical admixed sample obtained by pooling artificially the individuals from CPR and MRP.
Discussion
Hybridization between genetically differentiated populations may have positive consequences for population viability when the potentially increased genetic variability of the hybrid group translates into heterosis effects or reduced inbreeding depression (Frankham 1995; Coulson et al. 1998; Haig 1998 ). More often, however, hybridization is considered the cause of extinction of many populations in many animal and plant taxa, either because local adaptation is disrupted in hybrids (outbreeding depression) or simply because the genetic integrity of one group is lost (Rhymer & Simberloff 1996; Allendorf et al. 2001) . The risk of extinction is probably higher when local populations are introgressed by gene pools from domesticated (usually inbred) animals (Lynch & O'Hely 2001) . Therefore, the study of the genetic variation in source and target populations involved in large-scale reintroduction plans (which were common in the last century for many mammal species), appears crucial to the understanding of the genetic impact of such humaninduced migrations, and to develop effective management programmes (Allendorf et al. 2001; Maudet et al. 2002) .
The reintroduction of the wild boar in central Italy began in the 1950s, after approximately two centuries of demographic decline (Apollonio et al. 1988; Massei & Genov 2000) . Individuals from central Europe, usually classified as Sus scrofa scrofa, were used to restock the local populations, usually classified as belonging to the S. s. majori subspecies. Releases of animals crossed in captivity with domestic pigs were also reported. Our study of nine microsatellite loci has clarified several aspects of such processes, suggesting that: (i) strong bottleneck effects can be excluded; (ii) the parental populations, two in Italy and one in Hungary, are genetically differentiated; (iii) the Italian individuals from areas affected by reintroduction appear to be genetic hybrids; (iv) hypervariable loci are useful in the wild boar to study the hybridization process and possibly to identify populations and individuals that deserve conservation efforts.
Genetic variation appears relatively high in all four populations of wild boar analysed, suggesting that the demographic decline of this species in the last centuries was not as extreme as for other species (e.g. Taylor et al. 1994; Houlden et al. 1996; O'Ryan et al. 1998) . Even in the less variable Maremma Regional Park (MRP) sample, where only 11 individuals were typed, 5.1 alleles and 66% of heterozygotes are found at each locus on average. Higher values of genetic variability, possibly due to the different geographical origin of the individuals, are observed in the Hungarian (HUN) and the Florence area (FLO) samples. The three Hungarian locations we considered, however, are not genetically differentiated (and were pooled for that reason), and therefore the higher variability might be the consequence of a higher population size. Most individuals in the FLO sample are hybrids (see below), thus a higher variability in this group is expected.
Absolute levels of genetic variation should be treated with caution, as the typed loci were selected from a panel developed for the domestic pig and excluded monomorphic or almost monomorphic markers. However, the results provided by two tests developed specifically to identify bottlenecks confirm the hypothesis that the wild boar populations we analysed have not experienced strong reductions in effective size. The excess of heterozygosity (in the sense of gene diversity, i.e. H E ) compared with the value predicted at equilibrium from the observed number of alleles (a signature of demographic decline, Maruyama & Fuerst 1985) , was not observed. By contrast, we identified some evidence of heterozygosity deficiency, possibly correlated with a demographic expansion (Maruyama & Fuerst 1984) . The effects of genetic drift are in fact reduced in expanding populations (Slatkin 1994) , and the relative proportion of rare alleles not removed by random drift but contributing only slightly to the heterozygosity is therefore higher than expected in stable populations. Cornuet & Luikart (1996) did not analyse in detail the effects of a population expansion on the relationship between the computed and the equilibrium heterozygosities. However, some of their simulations with mutation rates appropriate for microsatellite data show that even recent expansions (0.01 units of N generations ago, where N is the effective population size after the expansion) could actually produce a heterozygosity deficiency. These results, combined with the fact that wild boar have a very short generation time (females are fertile at about one year of age, Mauget & Pepin 1991) , suggest that the heterozygosity deficiency we observed might be related to the demographic expansion which occurred in the last 50 years.
The absence of gaps in the allele size distributions, tested by the index M (Garza & Williamson 2001) , also excludes a strong reduction in population size. The average values of M across loci varied between 0.70 and 0.88, whereas all data sets corresponding to population or species where bottlenecks were historically documented provided average M-values < 0.7 (Garza & Williamson 2001) . These values proved to be statistically compatible with a simulated stable population (the behaviour of M in an expanding population is not known), with the only exception of the Hungarian population when a low value (5%) of multiplestep mutations was assumed. Pooling individuals from three geographical areas, although statistically not differentiated, might have contributed to create some gaps in the allele size distribution that decreased the value of M for the probably stable Hungarian population.
The Italian populations from the Maremma Regional Park and the Castelporziano Presidential Reserve, where major reintroduction can be excluded, are as genetically differentiated from each other as from the population in Hungary (pairwise F ST values ≈ 15%). The simplest explanation for this result is a strong drift effect in restricted areas. However, the reasonably high levels of genetic variation, the absence of genetic evidence for bottlenecks, and the historical records available for Castelporziano (Emiliani 1989) , exclude this hypothesis. Therefore, it seems that the Italian samples used in this study as parental groups could be representative of two distinct and native central Italian populations. The similar degree of genetic divergence among these two Italian groups and the Hungarian populations, which is statistically significant but similar or lower than the divergence observed between populations of many other Ungulates (e.g. Arctander et al. 1996; Goodman et al. 2001; Vernesi et al. 2002) , is in conflict with the morphological separation of the European (S. s. scrofa) and the Italian subspecies (S. s. majori) of wild boar.
The admixed composition of the group of individuals hunted in the Florence area where reintroduction is documented (the FLO sample), is supported by several lines of evidence. Its high genetic variability, the heterozygote deficit compared with Hardy-Weinberg expectations, the low genetic distances from all the other populations and the position in the tree topology (Fig. 2) are typical characteristics of a hybrid population (Chakraborty 1986; Cavalli-Sforza et al. 1994) . However, only through more sophisticated analyses were we able to distinguish between population admixture without hybridization (a population structure in which individuals have the genetic composition of either of the parental groups) from a real hybridization process (in which most individuals have a genetic contribution from each parental population). The factorial correspondence analysis shows that most of the 39 individuals in the Florence area sample are genetic intermediates, with different relative contributions, between the three well-distinguishable parental groups from Italy and Hungary. The new index THI summarizes the high level of true hybridization in the Florence sample, although only the application of THI to other data will confirm its utility. More details of the genetic impact of reintroduction in the wild boar individuals hunted in the Florence area were then identified by the Bayesian clustering method proposed by Pritchard et al. (2000) . Beside confirming the homogeneous composition of the parental populations and the hybrid characteristics of the FLO individuals, this analysis suggests a limited impact of reintroduction from central Europe but also that the wild boar hybrids have possibly a fourth component in their genetic pool not related to any of the sampled groups. About 13% of the genetic composition of the hybrids can be attributed, on average, to the Hungarian parental population, whereas 42% appears related to the Italian native groups (0.29% to CPR and 0.13% to MRP). The remaining 45% of the genetic pool of the hybrid individuals was attributed by the Pritchard et al. (2000) method to an additional inferred (i.e. not sampled) population.
The presence of a fourth unknown genetic component in the FLO hybrid population should not come as a surprise.
Classical methods of estimating admixture coefficients simply assume that all the parental groups are sampled, but this is probably not true in most cases. Identifying the origin of this fourth parental group, however, is not simple. Historical records and genetic data suggest at least five possibilities: a French component related to the colonization of northwestern Italy started in the 1920s, a central European component related to reintroduction events with individuals genetically differentiated from the Hungarian population in our sample, an additional native Italian component, a domestic pig component and, finally, a component erroneously identified as a parental group (see Pritchard et al. 2000) but actually related to the incipient process of divergence of the hybrid population. Unfortunately, the genetic data in our study do not provide clear indications in favour or against one of these hypotheses. The comparison between the results provided by the classical frequency-based admixture analysis (mY f in Table 4 ) and by the Bayesian approach ( Table 5 ) might suggest that the unknown genetic component in the hybrid populations has a central Europe origin. In fact, the estimated contribution mY f of the Hungarian population in the hybrid (52%) corresponds approximately to the sum of the coefficients for the inferred groups IG3 (≈ HUN) and IG4 (the unknown parental group), whereas the two methods produce similar results for the contributions of the Italian parental groups. This result would appear logical if the unknown parental group was genetically related to the Hungarian population. However, an additional component from a central European population at least partially related to the Hungarian group seems unlikely when we note that the individuals in our sample more clearly related to the unknown inferred group (contribution of IG4 > 0.8) appear in the multivariate analysis (see arrows in Fig. 2) closer to the Italian than to the Hungarian individuals. We are currently typing domestic pigs to verify the possible contribution of Tuscany breeds into wild boar hybrids, but more samples from central European regions are definitely needed.
Finally, it is important to note that analysis of microsatellite variation, even if the number of loci is relatively small, appears a very powerful tool to identify the genetic composition not only of populations, but also of single wild boar individuals. Selected hunting plans in highdensity areas where this species causes serious damage to agricultural activities and disturbance to other species, as well as reintroduction and conservation projects aimed at reducing the chance of extinction of native stocks, could almost certainly be improved by carrying out preliminary genetic analyses. 
